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out the task of collectino; and editiiia; ; and it oidv remains for those 
who are taking part in the preparation of the Catalogue, to do their 
best to secure that the Catalogue shall fulfil the hopes which have 
been raised. 

" It gives me great pleasure to make this announcement in the 
presence of several of our foreign brethren, whose co-operation has 
tended so much ^to the success of the enterprise." 

The following Papers were read : — 

I. '' On the Spectrum of the more Yolatile Gases of Atmospheric 
Air, which are Jiot Condensed at the Temperature of Liquid 
Hvdroi>;en. — Preliminarv Notice." P)V Professor 8. D. LxvEiNCi, 
F.E.S., and Professor Jajmes Dewau, E.R.S. 

11. " Additional Notes on Boulders and other Kock Specimens from 
the Newlands Diamond Mines, Griqualand West." Bv Pro- 
fessor T. G. BoxNEY, F.E.S. 

III. " The Distribution of ^^ertebrate Animals in India, Ceylon, and 

Bnrma." Bv W. T. Beanfori), LL.D., F.K.S, 

IV. " Elastic Solids at Rest or in JMotion in a Lifjuid." Bv C. Cfiree, 

F.R.S. 

The Society adjourned over the Christmas Kecess to Thursday, 
Januarv 17, 1901. 



'■' On the Spectrum, of tlie more Volatile Gases of Atinosplieric 
Air, which are not Condensed at the Temperature of Liquid 
Hydrogen. — Prelinunary Notice." I>y S. D. Livetng, M.A., 
D.Sc, F.E.S., Professor of Cliemistry, University of Gani- 
l)ridge, and James Dewak, M.A., LL.D., F.E.S., Fullerian 
Professor of Chemistry, Eoyal Institution, London. lieceiAed 
November 15, — Bead December 13, 1900. 

In August last some tubes were filled at low pressure by an im- 
proved process with the more volatile gases of the atmosphere."^ The 
air was liquefied directly from that above the roof of the Eoyal 
[nstitution by contact at atmospheric pressure with the walls of a 
vessel cooled below - 200' C. When about 200 c.c. of liquid had 

* III t liis paper we describe researches in continuation of those previoush' com- 
mnnicated to the Society by one of us, in a paper entitled '' Application of Liquid 
Hydrogen to the Production of High Vacua, together with their Spectroscopic 
Examination," ' Koy. Soc. Proo.,' vol. 64, p. 231. 
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coTidensed, connniiHication with the outei* air was closed, by a stop- 
cock. Subsequently, communication was opened, through another 
stop-cock, with a second A^essel cooled hy immersion in liquid hydrogen, 
and a part of the licpiid from the first vessel, maintained at - 210', 
was allowed to distil into the second still colder vessel. When about 
10 c.c. had condensed in the solid form in the second vessel, communi- 
cation with the first vessel was cut off, and a manometer showed a 
pressure of gas of about 10 to 15 mm. of mercury. 

This mixture of gases was passed into tubes previously exhausted by 
a mercury pump, but before reaching the tubes it had to pass thr(3ugh 
a IJ-tube immersed in liquid hydrogen so as to condense less volatile 
gases, such as argon, nitrogen, oxygen, or carbonic oxide, which might 
be carried along by those more volatile. Previous trials with tu1)es filled 
in the same way, except that the II-tul)e in licpiid hydrogen was omitted, 
showed that these tubes contained traces of nitrogen, argon, and com- 
pounds of carbon. The tubes filled with gas which had passed through 
the U-tul)e showed on sparking no spectrum of any of these last- 
mentioned gases, but showed the spectra of hydrogen, helium, and 
neon brilliantly, as well as a great many less brilliant raj^s of unknown 
origin. In additiouj they showed at first the brightest rays of mercury, 
derived, no doubt, from the mei'cury ]Dumj) by which they had been 
exhausted before the admission of the gases from the liquefied air. 
After some sparking the mercury rays disappeared, prol^ably in conse- 
quence of absorption of the mercury by the electrodes, wliich were of 
aluminium. 

In one experiment the mixture of gases iu the second vessel, into 
which a fraction of the liquefied air was distilled as al)ove described, 
was pumped out without being passed through the IJ-tube in li(]uid 
hydrogen and examined. This mixture was found to contain 43 ]3er 
cent, of hydrogen, 6 per cent, of oxygen, and 51 per ceiit. of other 
gases — nitrogen, argon, neon, helium, &c,- — ^and it was explosive when 
mixed with more oxygen. This shows conclusively that hydrogen 
in sensible proportion exists iu. the earth's atmosphere, and if the earth 
cannot retain hydrogen or originate it, then there must be a continued 
accession of hydrogen to the atmosphere (from interplanetary space), 
and we can haixlly resist the conclusion that a similar transfer of 
other gases also must take place. The tubes containing the residue of 
atmospheric gases uncondensed at the temperature of liquid hydi'ogen 
we have examined sjDectroscopically. 

On passing electric discharges through them, without any cou.denser 
in the circuit, they glow with a bright orange light, not only in the 
capillary part, but also at the poles, and at the negative pole in 
particular. The spectroscope shows that this light consists in the 
visible part of the spectrum chiefly of a succession of strong rays in 
the red, orange, and yellow, attributed to hydrogeu, helium, and neon. 
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Besides these, a vast number of rays, o-eiierallv less l)rilliaiit, are 
distributed tlirough tlie whole length of the visible spectrum. They 
are ol)scured in the spectrum of the capillary part of the tul)e by the 
gi'eater strength of the second spectrum of hydrogen, but are easily 
seen in the spectrum of the negative pole, which does not include the 
second spectrum of hydrogen, or only faint traces of it. Putting a 
Ley den jar in the circuit, ^vhile it more or less completely ol)literates 
the second spectrum of hydrogen, also has a similar effect on the 
greater part of these other rays of, as }'et, unknown origin. The 
violet and ultra-violet part of the spectrum seems to rival in strength 
that of the red and yello^v^ rays, if we may judge of it l)y the intensity 
of its impressions on photographic plates. We were surprised to find 
how vivid these impressions are up to a wave-length 314, notwith- 
staiiding the opacity of glass for rays in that part of the spectrum. 
The photographs were taken with a cjuartz calcite train, but the rays 
had to pass through the glass of the tube containing the gases. 

^\"e liaA^e made approximate measurements of the wave-lengths of all 
the rays which are sufficiently strong to ))e seen easily or photographed 
with ail exposure of thirty minutes, and give a list of them below. 
These Avave-lengths are computed to Kowland's scale, and were deduced 
from the deviations produced b}- two prisms of white flint glass for the 
visible, and of calcite for the invisible, rays. The wave-lengths assigned 
to the helium lines are those given hy Kunge and Paschen, and some 
of these lines were used as lines of reference. In general, the iron 
spark spectrum was the standard of reference. 

The tubes when first examined showed the lines of the first spectrum 
of hydrogen vividl\% and the earlier photographs of the spectrum of 
the negative pole contained not only the violet lines of hydrogen, but 
also the ultra- A'iolet series as fai* up as A 377. In order to get impres- 
sions of the fainter rays, exposures of half an hour or more were 
required, and a succession of photographs had to be taken so as to get 
different sections of the spectrum into the middle of the field, where 
measiu'ement of the desiations would not be impeded l)y the double 
refraction of the calc spar. As the light of the negative pole only was 
rec[uired, the electric discharge was made continuously in one direction 
only, with the result that the hydrogen lines grew fainter in each. 
successive 23hotograph, and soon disappeared altogether. Along with 
the ultra-A'iolet rays, the less refrangi1)le rays of hydrogen also dis- 
appeared, so that no trace of the C or F line could be seen, nor yet of 
the second spectrum, so long as the current passed in the same direc- 
tion as ])efore. lieversal of the current soon made the F line show 
again, so that it seems that the whole of the hydrogen was driven by 
the current to the positive pole. The conditions under which this 
ultra-violet series shows itself are a matter of interest. It a^^pears 
here in the midst of a brilliant spectrum due to gases other than 
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hydrogen, and yet it is very ditficult to ol)taiu a pliotograpli. of it when. 
no gas bnt hycbogen is known to l^e ])rese]it, or, at least, to l)econie 
Inminous in the electric discharge. 

We have had an opportnnity of comparing the spectrnni of the 
vohitile residue of air with that of the moi'e vohitile part of gas froni. 
the Bath spring. The tube did not achnit of the separate examination 
of the light from the negative pole, I)ut was examined end-on, so that 
the radiation probably included rays emitted, from the neighljourhood 
of the negative pole. The w^hole of the hydrogen had Ijeen removed 
from the Bath gas, but not all the argon. In the spectrum of this gas 
the rays of helium are dominant, decidedly stronger than those of 
neon, although the latter are vevy bright. In the spectrum of the 
residue of atmospheiic air, the proportion of helium to neon seems 
reversed, for in this the yellow neon line is as much more 1)rilliant than 
the yellow helivmi line as the latter is the moi'c brilliant in the spectrimi 
of Bath gas. All the prominent lines in the spectrum of the volatile 
i-esidue of Bath gas were ^dso in that of the residue of atmospheia'c 
air, except the argon lines. There wiive, im the other hand, many lines 
hi the latter not tracea1)le ixi the former, some of them rather con- 
.s23icuous, such as the i*ay at aI)out X 4661. It is, of coui'se, pi:'ol)able 
that such rays are the outcome of some material not contained in the 
Bath gas. A very conspicuous pair of lijies appears in photographs of 
the spectrum of the air I'esidue, at about /V 3587, wddch is not traceal)le 
in the spectrum of Bath gas. The helium line, X 3587 '!-, is seen in the 
latter spectrum, l)ut is C[uite ol)sciu'ed in the former spectnun l)y the 
great intensity of the new pair. This helium I'ay is really a close 
double, with the less refrangil)le component much the weakei' of the 
two, but the new paii' are wdder apart, and of iiearly equal intensities ; 
this charactei' also distinguishes them fi'om the strong argon line at 
X 3588*6. They are, however, A^ei'y much more intense at the negative 
pole than in the capillary, and it will I'equire a good deal moi'e study 
to <Ietermine whether these I'ays, and many otliers which we have not 
tabulated, are due to the peculiarity of the stimultis at the negative 
pole, or to the presence of a previously um-ecognised material. 

As oin:* mixture of gases prol)al)ly includes some of all such gases as 
pervade interplanetaiy and interstellar space, we early looked in their 
spectra for the prominent nebular, coronal, a.]id aiu'oral rays. Seai'ch- 
ing the spectrum al)out A 5007 no indication of any ray of al)out that 
wavedength w^as visible in the spectrum of any one of the three tubes 
which had been filled as a])ove desciilied. Turnijig to the other gi'een 
nebitlar line at about A 4959, we fomid a weak rather difluse line to 
which our first meastire assio:]ied a wavedength 4958. The correctness 
of this wavedength was subsequently verified by measuring with a 
micrometer eye-piece the distances of the line from the heliinn lines 
X 4922T and A 5015-7 wdiich wave in the field of view at the same 
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time. The position of the line was almost identical with that of the 
iron spark line X 4957*8, and the conclusion arrived at was that the 
wavedeno-th was a little less than 4958, and that it could not be the 
ne1)ular line. There remained the ultra-violet line X 3727. Our 
photographs showed a rather strong line very close to the iron sp^u:k 
line /V 3727*8, but slightly more refrangible. As the line is a tolerably 
strong one, it could be photographed with a grating spectrogi'aph 
along with the iron lines. This was done, and the wavedength 
deduced from measuring the photograph was 3727*4. This is too 
large by an amount which coiisideral}ly exceeds the probable errors of 
observation, and we are forced to conclude that the nebular material is 
either absent from our tubes, or does TK)t show itself under the ti'eat- 
ment to which it has been su1)jected. 

Although the residual gases of the atmosphere uncondensed at thtj 
temperature of licpiid hydrogen do not show the nebular lines, we 
found that another tube gave a ray very close indeed to the principal 
green nebulai* ray. This tube had been hlled with gas prepared in the 
same way as the others, with the exception that, in passing from, the 
vessel into which the hrst fraction of liquid air was distilled, it was not 
passed through a IJ-tube immersed in liquid hydrogen oji its way to 
the exhausted tube. In consequence it contained traces of nitrogen 
and argon, and when sparked showed the spectra of these elements as 
well as those of hydrogen, helium, S<.q. The lu'trogen spectrum dis- 
appeared after some siaarkhig, but the tube still shows rays of argon. 
as well as those of the gases in the other tubes. On examining 
the spectrum of the negative pole in the neighbourhood of the prin.- 
cipal nebular green ray, a weak ray was seen in addition to those given 
l)y the othei* tubes. It was found b}^ comparison, with the niti'ogen 
T'ays X 5002*7 and X 5005*7 to be a little less refrangi])le than the 
latter of these rays, and by measuring its distance from the nitrogen 
rays and from the two helium rays X 4922*1 and X 5015*7 Nvith a 
micrometer eye-piece, the wavedength X 5007*7 foi- the new ray was 
deduced. This looks as if we might hud the sul)stance which is 
luminous in nel)vda3 to be really present in the earth's atmosphere, 
and we hope shoi'tly to l)e able to verify the obser'vation of it. 

Turning to the coronal rays, our tubes emit a weak ray at about 
X 5304. This is not far from the wavedength X 5303*7 assigned l>y Sir 
N. Lockyer to the green coronal ray. It is, however, greater than 
that assigned by Gampl)ell, namely, 5303*26.^ Other lines observed 
by us near the places of coronal lines are at wavedengths aliout 4687, 
4570, 4358, 4323, 4232, 4220, 3985, 3800. These are all weak lines 
except that at X 4232, which is of tolei^able strength, and that at 
X 4220, which is rather a strong line. The wavedengths 4323, 4232, 
4220, and 3800 come very close to those assigned to coronal rays, but 

* ' Astroph. J.; vol. 10, p. 190. 
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tlie others liardl\^ eonio witliiii the limits of proi)al)le error. The ray 
4220 seems too strong in proportion to the others, ])nt the strength of 
that at 4232 seems to accord \rith the strength of the corresponding 
rav in the corona. It will ])e seen that the rays we ennmerate al)0ve 
correspond approximately to the stronger rays in Sii" N. jjockyer's 
list.^" Fnrther measnres of the wave-lengths of the faint lines arc 
needed before we can say definitely whether or- no we haye in orn- 
tn])es a snhstance producing the coronal rays, or some of them. 

As to the arn'oral I'ays, we haye not seen any i*ay in the specti'um 
of oni' tubes near A 557 l"o, the green auroral ray. We haye obseryed 
two weak rays at A 4206 and A 4198 which may possibly, one or ])oth, 
represent the anroi'al ray A 420. The yery strong ray of argon, 
A 4200*8, would make it probabk? that aigon was the origin of this 
auroral ray, if the other, equally strong, argon rays in the same region 
of the sj^ectrum wei'e na>t al)sent from the aui'ora. Nor haye we 
found in the spectriun of our tu1>es any line with the wayedength 
3915, which is that of another strong auroral line. On the otliei 
hand it seems prol)al)le that the strong auroral line A 358 may 1)e due 
to the material Avhich giyes us the very remarkable pcdr of lines at 
a])out the place of iS of the solar spectrum, A 3587, which are yery 
strong in the spectrum of the negatiye pole, but onh' faint in that of 
the capillai'y part of our tubes. It may well I)e that the auroral dis- 
charge is analogous to that al)ont the negative pole, ^^"e have also a 
fairly strong ray at A 3700, which may be compaj'ed to the remaiidng 
strong' ray o])seryed in. the aurora A 3700. This, howeyei', is a ray 
which is emitted from, the capillary pait of oiu' tulles as well as from 
the negatiye pole, ajid is, nioreovei*, enu'tted ])y Bath gas, and may yery 
likely he a neon ray. 

\\T) hope to pursue the in\'estigation of this interesting spectrum, 
and if possible to sort out the rays \\duch may he ascribed to sul)~ 
stances such as neon and those which are due to one or more other 
substances. The gas from Bath, eyen if primarily deriyed from the 

atmosphere which is ])y no means sure — seems to haye undergon{3 

some sifting which has affected the relative proportions of helium and 
neon, and a more thorough comparison of its spectrum, with that of 
the I'esidual atmospheiic gases may probably lead to some disentangle- 
ment of the rays which ori2;inate from different matei'ials. The 
arrangement of the rays in series, if that could ))e done, would be a 
step in the same direction. 

We are inde])ted to Mr. Ko])ert Lennox, F.C.8., for the great help 
he gave us in the complicated maiu"pnlation with liquid hydrogen 
required to fill the spectral tubes, and to ]\Ir. J. W. Heath, F.C.S., foi' 
kind assistance. 
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List of Jppro.mmde JF(ive4enfffhs of the Uays^ Vidhh ami UUra-violefj 

observed ohovt the Negaiive Pole. 

Tiie I'ciys of liydrogeii and helium, and tliose attributed to iieou hj 
other ol)serYers, are indicated l)y the chemical symbols of those sub- 
stances : — 

A " b " prefixed to the mmiber expressing the wave-length indicates 
that the ray is emitted by gas from the Bath spi'ing as well as hj that 
obtained from the atmosphere. 

A " c " similarly prefixed indicates that the ra\^ has been ol)served 
to be emitted from the capillary part of the tul)e as well as from al)0ut 
the negative pole. 

A " w" indicates a weak line; " s " a strong one ; " d " a diffuse^ 
one ; " \Vs" a very weak : and " vs " a verv stroniJ: one. 
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